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Abstract 
 
For the prescription of insole/orthoses a vast range of materials are available to clinicians 
and with the limited scientific evidence available on their effectiveness material choice is 
often based on the clinician’s personal experience. Similarly therapeutic footwear play a 
major role in the prevention and treatment of diabetic ulcers and recommendations on 
suitable insole materials and construction are needed. The aim of the work undertaken in 
this thesis was to extend the current knowledge in the area of orthoses and prescription 
footwear in order to aid clinicians in patient treatment.  Chapter 2 examined literature to 
date into materials used in footwear orthoses, concluding that at present recommendations 
for appropriate materials for different patient requirements are not possible. Chapter 3 
examined the prescription procedures involved in the provision of foot orthoses by clinicians 
with an emphasis on material choice and highlighted the diversity in opinion among 
clinicians with regards to the available materials. Chapter 4 examined the characteristics of 
orthosis materials and how they affect gait providing information for a clinician to draw an 
evidence-based orthosis prescription centred on material properties. Two systematic 
reviews (Chapters 5 and 6) provide a concise review of research to date in the area of 
diabetic footwear, highlighting the dearth of information in the area, the limitations of the 
reviewed studies and providing recommendations for future research. The repeatability of 
a new pressure measurement system was examined in Chapter 7 with favourable results 
for the new system when compared to an established pressure measurement system. This 
research has contributed to clinical practice through the provision of valuable information 
on the performance of footwear materials and has led to the development of 
recommendations for future research in the area of prescription footwear. 
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Chapter 1: Introduction and outline of thesis 
 
Orthoses and Prescription footwear 
 
A foot orthosis can be described as a shoe insert that changes foot function (ISO 8549-1, 
1989). They are used by clinicians to help relieve lower limb pathologies. Foot orthoses can 
be grouped into three categories: (1) off the shelf, (2) semi bespoke and (3) bespoke. Off 
the shelf devices are available in many different specifications which aim to cover a range 
of applications with limited adaptability for individual requirements. Semi bespoke devices 
allow clinicians to select a particular base insole and they can then apply patient specific 
modifications while bespoke devices are generally manufactured based on an accurate 
positive representation of the patient’s foot with fabrication techniques including direct 
milling, heat moulding and injection moulding. 
Prescription footwear is defined as footwear clinically prescribed and/or provided for 
the purpose of correcting, alleviating or replacing deficiencies or deformities in gait, feet or 
the lower limbs; where readily available everyday footwear cannot be modified for this 
purpose (Australian Government Department of Veterans’ Affairs, 2009). This type of 
footwear is sometimes termed therapeutic footwear or medical grade footwear. Prescription 
footwear can be beneficial to a wide range of clinical conditions including hallux valgus, 
cerebral palsy, Charcot foot, and the at risk foot (rheumatoid arthritis and diabetes). The 
complexity of the footwear prescription is dependent on the patient’s condition; the purpose 
of the footwear may be to simply fit the patient’s foot correctly if they have a foot deformity 
which prevents them from wearing generic footwear or a more specialised prescription to 
affect foot function may be required. 
 Similar to orthoses, prescription footwear is generally grouped into three categories: 
(1) prefabricated/off the shelf, (2) customised and (3) custom made/bespoke. Prefabricated 
footwear is manufactured to standard specifications, an example of which is extra depth 
footwear. These footwear have extra space within the shoe to allow for toe deformities such 
as hammer toes or the addition of a customised insole or orthosis. As the complexity of the 
patient’s medical condition increases the prefabricated footwear may still be applicable if 
individualised modifications are made, for example modifications to the sole unit, this 
footwear is then termed customised. Finally, there is custom footwear for patients with 
complex conditions and feet with gross deformities. In these patients it is not possible to 
prescribe prefabricated footwear as they will not fit correctly and in this case custom made 
footwear using casts of the patient’s feet are required. Custom footwear are only prescribed 
2 
 
if absolutely necessary as they require a considerable amount of skill and time to 
manufacture and are more expensive to produce than prefabricated and customised 
footwear. 
 
Prescription footwear for people with diabetes 
 
Diabetes Mellitus is a chronic metabolic disease that occurs when the pancreas no longer 
produces insulin, or when the body cannot make good use of the produced insulin. Diabetes 
is a growing global issue with 382 million people living with diabetes in 2013, and this figure 
is expected to rise to 592 million by 2035 (International Diabetes Federation, 2013).  
 
“Every 30 seconds a leg is lost to diabetes somewhere in the world” (The Lancet 2005) 
 
People with diabetes can be affected by a range of complications and foot problems 
are a common and serious complication among this population. The lifetime incidence of 
foot ulceration in this population is reported to be as high as 25% (Singh et al., 2005). 
Neuropathy can lead to insensitivity, deformity (which is known to cause elevated plantar 
pressures (Bus et al., 2005)) and reduced range of motion in the joints of the lower limb. 
The presence of neuropathy and/or peripheral vascular disease in combination with ill-fitting 
footwear or acute trauma can lead to the development of ulcerations (Apelqvist et al., 1990). 
Inadequate shoe length, width, toe box height and the presence of internal seams are some 
of the footwear related issues attributed to ulcer development. In addition to ensuring the 
correct fit of footwear for this population as the presence of deformities can cause elevated 
plantar pressures the ability of the footwear to offload these areas of high pressures is 
important to prevent ulcer development. Offloading can be achieved through the 
combination of insoles/orthoses with the right materials properties to offload and footwear 
outsoles designed and constructed to offload the required area of the foot. 
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Material properties  
 
The materials used to construct the outsole, insole and the upper of prescription footwear 
all require different properties to ensure they are fit for purpose. This thesis will focus on the 
properties of materials used in the construction of insoles/orthoses for prescription footwear.  
The first orthoses were constructed from metal, wood, leather and fabric with 
modern devices now predominately produced using plastics and polymers (Kogler, 2007). 
With advances in material science there is now a vast amount of materials available to 
clinicians for use in insoles and orthoses (e.g. ethyl vinyl acetate (EVA), polyurethane, 
platazote and polypropylene). It is therefore important that information on the properties and 
characteristics of these materials are available to clinicians to enable them to make 
informed decisions on the material(s) to use in their prescriptions. However, generally 
material suppliers provide limited information on materials to clinicians with materials 
usually sold using brand names and possibly with information provided on the density of the 
material. For many clinicians the material choice tends to be based on personal experience, 
cost and/or availability (Campbell et al., 1982).  
The need to quantify the properties of materials used in orthoses has been recognised by 
many researchers; with studies examining various material properties being carried out 
since the early 1980’s (Campbell et al., 1982). These studies have generally completed a 
range of tests to assess different materials properties. No one material property can provide 
sufficient information on how a material will perform as an orthosis so it is essential to 
assess the material across a range of tests. For example if a material is solely tested on its 
ability to reduce force then it could wrongly be identified as a suitable orthosis material; 
some materials when new have a high ability to reduce force but after a short time they lose 
this ability. Therefore they are not recommended for use in orthoses as they would need to 
be replaced frequently making their use impractical and not cost effective. 
A number of studies have utilised bench testing of materials, using equipment such 
as universal testing machines and custom designed equipment, to quantify properties such 
as compression, compression set, density, force distribution, hardness, resilience, shock 
absorption and stiffness (Campbell et al., 1982; Faulí et al., 2008; Lewis et al., 1991; Paton 
et al., 2007; Pratt, 1990; Rome, 1991; Sanders et al., 1998). Studies have also examined 
materials under simulated in shoe conditions (Campbell et al., 1984; Dixon et al., 2003; 
García et al., 1994) and with advances in technology researchers have utilised in shoe 
plantar pressure measurement to assess material performance during gait (Birke et al., 
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1999; Burns et al., 2008; Lavery et al., 1997; Mohamed et al., 2004; Rogers et al., 2006; 
Tong & Ng, 2010; Windle et al., 1999).   
Many of these studies lacked sufficient information on the specifications of the 
materials they tested to allow cross study comparisons; with studies using different 
thicknesses and densities of the same material which would result in significant differences 
in test results. Another factor which complicates this type of research is that is it not possible 
to have one list of materials properties which are important for all insoles and orthoses. 
Whether the orthosis is designed to be accommodative or functional will dictate the 
materials properties that are most relevant to its purpose.    
 In an effort to enable research findings on the properties of orthosis materials easy 
to interpret and applicable to clinical practice a number of researchers have developed their 
own materials performance index to categorise materials for different purposes (Faulí et al., 
2008; Lewis et al., 1991; Lo et al., 2014; Paton et al., 2007). However so far, none of these 
indexes are without limitations. Three of these articles categorised the materials they tested 
into three groups based on their required function. However, while the three groupings were 
similar across studies, there was no consensus among these researchers around the 
terminology for these groups which causes confusion.  Paton et al. (2007) termed their three 
material groupings as control, dampening and moldable, while Faulí et al. (2008) used 
adaptation, cushioning and filling and the most recent study by Lo et al. (2014) using 
accommodation, cushioning and control. The most significant limitation of these studies is 
the findings are based on bench testing which do not replicate the loading the materials 
undergo during gait and the in-shoe environment. 
 
Kinetics and kinematics of gait 
 
Kinetics (study of the forces that cause the body to move) and kinematics (study of the 
geometry of movement) are utilised in footwear research to quantify the effect of material 
properties of footwear on gait. Three dimensional motion capture using equipment such as 
cameras, force plates, pressure walkways and in-shoe pressure measurement systems are 
employed by researchers in this field. In terms of kinematics researchers generally assess 
the effect of different footwear combinations on the range of motion and the patterns of 
movement of the joint angles of the foot, ankle, knee, hip and pelvis during gait. While for 
kinetic analysis, the ground reaction forces, peak pressures and pressure time integrals are 
examined.  
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 As discussed above, a limitation of much of the research to date on the material 
properties of footwear is that it involved bench testing. This type of testing does not 
adequately replicate the loading experienced by the insole/orthosis during gait.  However, 
with the commercial availability of in-shoe plantar pressure system since the late 1980s 
researchers have had the ability to examine the interaction between the foot and an 
insole/orthosis (Birke et al., 1999; Burns et al., 2008; Lavery et al., 1997; Mohamed et al., 
2004; Rogers et al., 2006; Tong & Ng, 2010; Windle et al., 1999). 
 
Aim and objectives 
 
With the vast range of materials available to clinicians for the prescription of insole/orthoses 
and the limited scientific evidence available on their effectiveness material choice is often 
based on the clinician’s personal experience. With regards to people with diabetes, 
therapeutic footwear play a major role in the prevention of ulceration and recommendations 
on suitable insole materials are needed. Therapeutic footwear can also be used in the 
treatment of foot ulceration and again more information on suitable materials in their 
construction is required. Thus, the overall aim of the work undertaken in this thesis was to 
extend the current knowledge in the area of orthoses and prescription footwear in order to 
aid clinicians in patient treatment. 
 
The objectives of this work were: 
 To conduct a literature review into the materials used for footwear orthoses with a 
view to identify gaps in testing methodology and material composition and to 
document the relationship between mechanical testing of materials and testing 
completed on the insoles/orthoses during gait (Chapter 3). 
 
 To investigate the prescription procedures involved in the provision of foot orthoses 
by orthotists and podiatrists, evaluating the clinical reasoning behind the prescription 
procedure with a particular emphasis on material choice (Chapter 4). 
 
 To quantify the effect of insole material on the plantar pressures and lower limb 
kinematics of walking gait (Chapter 5). 
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 To examine the effectiveness of currently available diabetic footwear in the 
prevention (Chapter 6) and treatment (Chapter 7) of foot ulcers in patients with 
diabetes through structured systematic reviews. 
 
 To assess the repeatability of a new measurement system for the continuous 
monitoring of plantar pressures and to compare the results of this system to an 
established pressure measurement system (Chapter 8). 
 
Scope of the Investigation 
 
The scope and boundaries of the reported work were: 
 
 To conduct a narrative literature review into the materials used for footwear orthoses 
to allow for a comprehensive overview of the review topic; and not a systematic 
review of research in this area. 
 
 To investigate the prescription procedures involved in the provision of foot orthoses 
by orthotists and podiatrists. This investigation focuses on gaining an understanding 
of the clinicians’ prescription procedures; and not the exactitude of their clinical 
practices. 
 
 To quantify the immediate effect of insole material on the plantar pressures and 
lower limb kinematics of walking gait; and not to assess the long-term effects of the 
materials or provide recommendations for clinical practice. 
 
 To examine the effectiveness of currently available diabetic footwear in the 
prevention and treatment of foot ulcers in patients with diabetes through structured 
systematic reviews; and not to design or develop new footwear. 
 
 To conduct a preliminary assessment of the between day repeatability of a new 
measurement system for the continuous monitoring of plantar pressures and to 
compare the results of this system to an established pressure measurement system; 
and not to fully ascertain the repeatability and reliability of the system. 
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The body of work which forms the core part of this thesis started five years ago with a 
collaborative project between Staffordshire University and Salts Techstep, a footwear 
manufacturer. Research was conducted with an emphasis on diabetic footwear leading to 
3 published articles (Chapter 2 - 4). These publications implemented different research 
methodologies; one of these publications was a review article, one involved a qualitative 
methodology and the final a laboratory based quantitative approach. Subsequently, as part 
of the DiaBSmart project two systematic reviews (Chapters 5 and 6) were completed which 
provide a concise review of research to date in the area of diabetic footwear, highlighting 
the dearth of information in the area, the limitations of the reviewed studies and providing 
recommendations for future research. A major limitation of research to date which examined 
prescription footwear, as identified in the two systematics reviews, is the ability to accurately 
monitor a patient’s adherence to a footwear intervention. Also, the ability to continually 
monitor plantar pressures as patients complete their activities of daily living would be 
beneficial to gain a complete understanding of the pressures experienced by the feet on a 
daily basis. The WalkinSense® (Kinematix, Portugal) is a recently developed commercially 
available system which allows for both continuous activity and plantar pressure monitoring. 
The repeatability of this system was examined in a laboratory study and the results were 
compared to those of an established pressure measurement system (Chapter 7) with 
favourable results for the new system.  
While some of the published work within this thesis is focused on diabetes (Chapters 
3-6) the findings from this work are applicable to other patient groups requiring offloading, 
for example the “at risk” foot in patients with rheumatoid arthritis. Chapters 2-4 examine the 
materials utilised in orthoses and Chapter 7 presents a pressure measurement device 
capable of examining the offloading capabilities of orthoses material. 
 
Outline of the thesis 
 
This thesis presents, discusses and evaluates the content and contribution of a group of 
published papers that the author believes make a substantial contribution to the fields of 
footwear science and clinical biomechanics. The work represents the development of the 
author’s research interests over a period of 5 years.  
The thesis is based on research completed during a Knowledge Transfer 
Partnership   (October 2009 – June 2010) and the DiaBSmart project (a research project 
funded by the European Commission from November 2011 – present).   It is designed to 
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show that the published work constitute a coherent body of work. The research conducted 
in the six published articles were primarily designed and completed by Aoife Healy,  and 
who as the lead author of the published work, was responsible for the drafting and final 
revisions of the published articles. 
The main body of the document contains the published work which is presented in 
a conceptual sequence instead of completely chronologically. Following the presentation of 
the publications the contribution of the work to the body of knowledge in this area is 
discussed and finally clinical implications of the research and recommendations for future 
research are provided. 
Chapter 2 (Materials used for Footwear Orthoses: A Review) is a review article 
which examined literature to date which tested materials used in footwear orthoses. It was 
concluded that research to date does not allow for a conclusive answer as to what are the 
most appropriate footwear orthosis materials for different patient requirements. 
Chapter 3 (An investigation into the prescription procedures and material choice 
involved in the provision of bespoke foot orthoses for diabetic patients) aimed to examine 
the prescription procedures involved in the provision of foot orthoses by orthotists and 
podiatrists with an emphasis on material choice. This research highlighted the diversity in 
opinion among clinicians with regards to the available materials. Clinicians’ views were 
divided on whether they believed the materials available to them were fit for purpose and 
also across the range of materials they chose to use.  
As evidenced by the two previous chapters (2 and 3) there is a paucity of research 
providing recommendations on the orthosis or material used in its construction for different 
patient requirements. The objective of the study in Chapter 4 (Effect of insole material on 
lower limb kinematics and plantar pressures during treadmill walking) was to gain a greater 
understanding of the characteristics of orthosis materials and how they affect gait so to 
enhance the clinical decision-making process. The materials chosen for testing were based 
on the findings from the questionnaire study in Chapter 3. Findings from this study provide 
information for a clinician to draw an evidence-based orthosis prescription centred on 
material properties. 
Chapter 5 (The effectiveness of footwear as an intervention to prevent diabetic foot 
ulceration or to reduce biomechanical risk factors for ulceration: a systematic review) is a 
systematic review article which examined the effectiveness of footwear as an intervention 
for prevention of diabetic foot ulcers. While the reviewed studies showed support for the 
use of rocker sole footwear and custom orthoses generic recommendations on these 
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features are not possible as the optimal design will be patient specific. In this article the 
limitations of the reviewed articles are discussed and recommendations for future research 
are provided. 
Chapter 6 (The Effectiveness of Footwear and Other Removable Off-loading 
Devices in the Treatment of Diabetic Foot Ulcers: A Systematic Review) is a subsequent 
systematic review article to that presented in Chapter 5. This review examined the 
effectiveness of footwear in the treatment of ulceration. While footwear appeared to be the 
least effective off-loading intervention in ulcer treatment it has a place in certain 
circumstances, for example in patients for which the use of total contact casts is 
contraindicated.  
Chapter 7 (Repeatability of WalkinSense® in shoe pressure measurement system: 
A preliminary study) examined the WalkinSense® in shoe pressure measurement system. 
This system is compact and allows for continual monitoring of a patient’s plantar pressures 
during their daily activities. This study compared the WalkinSense® to the F-Scan system, 
which is known to be reliable for clinical measurement, with results finding the system as 
repeatable as the F-Scan. 
Chapter 8 (Discussion) integrates the findings of the previous chapters and provides 
a critical appraisal of the published work. 
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Chapter 2: Materials used for Footwear Orthoses: A Review 
 
Healy, A., Dunning, D. and Chockalingam, N. (2010) 
Footwear Science, 2(2): 93-110 
 
 
(Published work 14) 
 
 
 
This chapter is derived from an article published in Footwear Science on 19 May 2010, 
available online: 
http://www.tandfonline.com/doi/abs/10.1080/19424280.2010.486045#.VOnR2i7iPsA  
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This review article (Chapter 2) highlighted that much of the research related to orthoses 
materials was outdated, with the majority of the studies carried out over ten years ago. With 
the advances in material science over the last ten years there are now a wider range of 
materials available to clinicians and there was a need to gather information on the materials 
currently used by clinicians. In order to achieve this a questionnaire was developed to gather 
information from clinicians on the materials they choose when prescribing orthoses. 
Findings from this questionnaire are presented in the following chapter (Chapter 3). 
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Chapter 3: An investigation into the prescription procedures and 
material choice involved in the provision of bespoke foot 
orthoses for diabetic patients 
 
Healy, A., Dunning, D., Naemi, R. and Chockalingam, N. (2010) 
Podiatry Now, 13(9): 26-29. 
 
 
(Published work 15) 
 
 
 
This chapter is derived from an article published in Podiatry Now in 2010. 
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This questionnaire study (Chapter 3) allowed for the identification of materials currently 
used by clinicians when prescribing orthoses. Findings from the review article (Chapter 2) 
highlighted the limited amount of in-vivo research that has been carried out into the 
performance of orthoses materials, with the majority of studies using bench testing or 
simulated in-shoe testing methodologies. These previous findings informed the 
methodology for the subsequent laboratory study (Chapter 4) which examined the effect of 
two commonly used orthoses materials (identified through the questionnaire) on plantar 
pressures and lower limb kinematics during treadmill walking. 
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Chapter 4: Effect of insole material on lower limb kinematics and 
plantar pressures during treadmill walking 
 
Healy, A., Dunning, D.N., and Chockalingam, N. (2012) 
Prosthetics and Orthotics International, 36(1): 53-62. 
 
 
(Published work 10) 
 
 
 
 
This chapter is derived from an article published in Prosthetics and Orthotics International 
on 13 February 2012, available online: http://dx.doi.org/10.1177/0309364611429986 
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Following on from examining previous research in the area of orthoses materials an 
examination of previous research into diabetic footwear was conducted. Two systematic 
reviews were undertaken to examine the effectiveness of diabetic footwear in the prevention 
(Chapter 5) and treatment (Chapter 6) of foot ulceration. 
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Chapter 5: The effectiveness of footwear as an intervention to 
prevent or to reduce biomechanical risk factors for ulceration: a 
systematic review 
 
Healy, A., Naemi, R. and Chockalingam, N. (2013) 
Journal of Diabetes and Its Complications, 27 (4): 391-400. 
 
 
(Published work 6) 
 
 
 
This chapter is derived from an article published in Journal of Diabetes and Its 
Complications on 3 May 2013, available online: 
http://dx.doi.org/10.1016/j.jdiacomp.2013.03.001 
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Chapter 6: The effectiveness of footwear and other removable off-
loading devices in the treatment of diabetic foot ulcers: a 
systematic review 
 
Healy, A., Naemi, R. and Chockalingam, N. (2014) 
Current Diabetes Reviews, 10 (4): 215-230. 
 
 
(Published work 3) 
 
 
 
This chapter is derived from an article published in Current Diabetes Reviews in 2014, 
available online: http://dx.doi.org/10.2174/1573399810666140918121438 
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Supplementary Table 1: Ulcer information provided in reviewed articles 
Author Participants Ulcer information        
  Number Stage Grade Site Duration Size 
      (months) Area  (cm2) Length (cm) Width (cm) Depth (cm) 
Armstrong et al. 
(2005) 
1) iTCC At least onea Active  Grade 1A (University of Texas) Plantar forefoot/midfoot Not reported 2.7 ± 1.3 Not reported Not reported Not reported 
 2) RCW At least onea Active  Grade 1A (University of Texas) Plantar forefoot/midfoot Not reported 2.0 ± 1.1 Not reported Not reported Not reported 
Armstrong et al. 
(2001) 
1) TCC At least onea Active Grade 1A (University of Texas) Plantar forefoot/midfoot 4.3 ± 5.7 1.3 ± 0.8 Not reported Not reported Not reported 
 2) RCW At least onea Active  Grade 1A (University of Texas) Plantar forefoot/midfoot 5.6 ± 6.2 1.4 ± 1.4 Not reported Not reported Not reported 
 3) Half shoe At least onea Active  Grade 1A (University of Texas) Plantar forefoot/midfoot 5.5 ± 7.1 1.3 ± 1.2 Not reported Not reported Not reported 
Armstrong and 
Stacpoole-Shea 
(1999) 
All One Active or recently healed 
(less than 4 weeks) 
Grade 1A (University of Texas) 1st MTH: 10; Hallux: 5; Lesser MTHs: 10b Not reported Not reported Not reported Not reported Not reported 
Birke et al. 2002 1) TCC One  Active  2.2 ± 0.8 (Wagner) 1st MTH: 8; Lesser MTHs: 5b  6.0 ± 4.7 Not reported 1.4 ± 0.9 0.9 ± 0.5 0.6 ± 0.5 
 2) 
Accommodative 
dressing + Shoe 
1 
One  Active  1.8 ± 0.8 Hallux: 1; 1st MTH: 11; Lesser MTHs: 14b 4.9 ± 5.0 Not reported 1.3 ± 1.2 0.9 ± 0.7 0.4 ± 0.4 
 3) Shoe 2 One  Active  1.7 ± 0.8 Hallux: 30; Lesser toes: 16; 1st MTH: 6; Lesser MTHs: 5b 2.2 ± 3.3 Not reported 1.2 ± 0.9 0.7 ± 0.5 0.3 ± 0.6 
 4) Walking splint One  Active  1.8 ± 0.8 Hallux: 2; 1st MTH: 7; Lesser MTHs: 9b 3.2 ± 3.8 Not reported 1.6 ± 1.3 1.1 ± 0.9 0.5 ± 0.6 
 5) Combination 
of above 
One  Active  1.8 ± 1.0 Hallux: 2; 1st MTH: 2; Lesser MTHs: 2b 5.0 ± 5.5 Not reported 1.6 ± 0.7 1.0 ± 0.5 0.6 ± 0.8 
Caravaggi et a. 
(2000) 
1)TCC One  Active Not reported Plantar surface Not reported 5.87 Not reported Not reported Not reported 
 2) Shoe One  Active Not reported Plantar surface Not reported 4.31 Not reported Not reported Not reported 
Caravaggi et al. 
(2007) 
1) TCC One Active Not reported Plantar surface Not reported 3.9 ± 3.4 Not reported Not reported Not reported 
 2) RCW One Active Not reported Plantar surface Not reported 3.4 ± 3.0 Not reported Not reported Not reported 
Chantelau et al. 
(1993) 
1) Standard 
treatment 
At least one Active Grade 1 : 3; Grade 2 : 11; 
Grade 3: 8 (Wagner)b  
Toes 1-5 (dorsal/plantar): 8; MTHs 1-5: 14b Not reported Not reported Not reported Not reported Not reported 
 2) Standard 
treatment + Half 
shoe 
At least one Active Grade 1 : 7; Grade 2 : 11; 
Grade 3: 7; Grade 4: 1 
(Wagner)b  
Toes 1-5 (dorsal/plantar): 5; MTHs 1-5: 21b Not reported Not reported Not reported Not reported Not reported 
Faglia et al. (2010) 1) TCC One Active Grade 1A (University of Texas) Plantar forefoot /midfoot Not reported 1.4 ± 1.2 Not reported Not reported Not reported 
 2) RCW One Active Grade 1A (University of Texas) Plantar forefoot /midfoot Not reported 2.2 ± 2.2 Not reported Not reported Not reported 
MTH: metatarsal head; aIf more than one plantar ulcer then the largest wound was used as the index ulcer for inclusion in the study; b Represents number of participants; c Time in weeks: median (IQR). 
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Supplementary Table 1: Continued 
Author Participants Ulcer information        
  Number Stage Grade Site Duration Size 
      (months) Area  (cm2) Length (cm) Width (cm) Depth (cm) 
Fleischili et al. (1997) 1) Forefoot ulcer One Active or recently 
healed 
Not reported 1st MTH: 9; Lesser MTHs: 10; Hallux: 7b Not reported Not reported Not reported Not reported Not reported 
 2) Great toe ulcer     Not reported Not reported Not reported Not reported Not reported 
Gutekunst et al. (2011) 1) TCC At least one Active Grade 1 or 2 (Wagner) / Grades 1-3  
(University of Texas) 
Forefoot: 8; Midfoot: 3b Not reported Not reported Not reported Not reported Not reported 
 2) RCW At least one Active Grade 1 or 2 (Wagner) / Grades 1-3  
(University of Texas) 
Forefoot: 11; Midfoot: 1b Not reported Not reported Not reported Not reported Not reported 
Ha Van et al. (2003) 1) TCC One Active Grade 1A (San Antonio)  Forefoot: 35; Midfoot (Charcot): 4; Hindfoot: 3b 13 ± 18.4 Not reported 2.0 ± 1.2 1.4 ± 0.8 0.5 ± 0.5 
 2) Half or Heel relief 
shoe 
One Active Grade 1A (San Antonio)  Forefoot: 49; Rearfoot: 2b 4.4 ± 8.9 Not reported 1.6 ± 1.2 1.0 ± 0.9 0.3 ± 0.3 
Lavery, Vela, Fleischli, 
Armstrong & Lavery 
(1997) 
All One Active or recently 
healed 
Not reported Hallux: 10; 1st MTH: 10; Lesser MTHs: 12b Not reported Not reported Not reported Not reported Not reported 
Lavery, Vela, Lavery & 
Quebedeaux (1996) 
All One Active or recently 
healed 
Not reported  Hallux: 5; 1st MTH: 10; Lesser MTHs: 10b Not reported Not reported Not reported Not reported Not reported 
Lavery, Vela, Lavery & 
Quebedeaux (1997) 
All One Active or recently 
healed 
Not reported Hallux: 5; 1st MTH: 10; Lesser MTHs: 10b Not reported Not reported Not reported Not reported Not reported 
Mueller et al. (1989) All One Active  Hallux: 2; lesser toes: 1; 1st MTH: 12; lesser 
MTHs; 17; Midfoot: 5; Rearfoot: 3b 
     
 1) TCC   Grade 1: 15; Grade 2: 6 (Wagner)b  5.1 ±  6.4 1.8 ± 2.5 Not reported Not reported 0.4 ± 0.3 
 2) Sandal or Shoe   Grade 1: 13; Grade 2: 6b   5.7 ±  6.6 2.8 ± 3.4 Not reported Not reported 0.2 ± 0.1 
Van de Weg et al. (2008) 1) TCC One Active Grade 1: 2; Grade 2: 21 (Wagner)b Forefoot: 20; Mid/Rearfoot: 3b 4 (3, 8)c 4.2 ± 3.1 Not reported Not reported Not reported 
 2) Shoe   Grade 1: 2; Grade 2: 18b Forefoot: 18; Mid/Rearfoot: 2b 5 (4, 8)c 3.0 ± 3.1 Not reported Not reported Not reported 
Zimny et al. (2002) 1) Felted foam dressing 
+ Shoe 
One Active Grade 1: 6; Grade 2: 21 (Wagner) Forefoot Not reported 1.1 ± 0.14 Not reported Not reported Not reported 
 2) Shoe   Grade 1: 8; Grade 2: 26b Forefoot Not reported 1.2 ± 0.14 Not reported Not reported Not reported 
MTH: metatarsal head; aIf more than one plantar ulcer then the largest wound was used as the index ulcer for inclusion in the study; b Represents number of participants; c Time in weeks: median (IQR). 
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Supplementary Table 2: Peak pressure (kPa) data from reviewed articles. 
Peak Pressure (kPa)   Sub group Foot region 
          Heel Midfoot Forefoot 1st MTH MTHs 2-5 Hallux Ulcer area 
TCC   Armstrong and Stacpoole-
Shea (1999) 
    180*       
    Fleischili et al. (1997)       124 ± 79   35 ± 41  
    Gutekunst et al. (2011)     160 180 134    166 
    Lavery, Vela , Lavery & 
Quebedeaux (1996) 
           
    Lavery, Vela , Lavery & 
Quebedeaux (1997) 
Participants with 1st MTH ulcer with rubber heel    59 ± 26 45.8 ± 16.5 39.8 ± 44.1  
      Participants with MTHs 2-5 ulcer     34 ± 26.4 38.9 ± 16.8 40.4 ± 51.7  
      Participants with Hallux ulcer      52.6 ± 54.8 62.9 ± 46.3 49.2 ± 47.9  
      Participants with 1st MTH ulcer with cast shoe    68.4 ± 52.9 52.7 ± 23 34.9 ± 42.9  
      Participants with MTHs 2-5 ulcer      60 ± 46.2 83 ± 50 36.2 ± 46.5  
      Participants with Hallux ulcer      73.2 ± 97 84.6 ± 68.4 51.8 ± 42.4  
RCW DH Pressure Relief walker Armstrong and Stacpoole-
Shea (1999) 
    190*       
    Fleischili et al. (1997)       77 ± 33   49 ± 33  
    Gutekunst et al. (2011)     208 111 66    74 
    Lavery, Vela , Lavery & 
Quebedeaux (1996) 
       80 83 64  
  Aircast Pneumatic Walker Armstrong and Stacpoole-
Shea (1999) 
    200*       
   Lavery, Vela , Lavery & 
Quebedeaux (1996) 
       123 150 111  
  Three D Dura Stepper Lavery, Vela , Lavery & 
Quebedeaux (1996) 
       141 191 83  
  CAM walker Lavery, Vela , Lavery & 
Quebedeaux (1996) 
       199 217 122  
TCC: Total Contact Cast; RCW: Removable Cast Walker; MTH: metatarsal head; *estimated from Figure in article; **calculated from provided data in article 
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Supplementary Table 2: Continued 
Peak Pressure (kPa)       Sub group Foot region 
     Heel Midfoot Forefoot 1st MTH MTHs 2-5 Hallux Ulcer area 
Half shoe Darco OrthoWedge Fleischili et al. (1997)       178 ± 76   87 ± 99  
Therapeutic shoe Darco rigid-soled Fleischili et al. (1997)       337 ± 126   223 ± 99  
  PW Minor therapeutic Armstrong and Stacpoole-
Shea (1999) 
    250*       
    Lavery, Vela, Fleischli, 
Armstrong & Lavery (1997) 
Participants with 1st MTH ulcer without insole    355 ± 162 276 ± 92 190 ± 91  
        with insole    284 ± 102 223 ± 61 157 ± 73  
      Participants with MTHs 2-5 ulcer without insole    255 ± 79 277 ± 71 181 ± 84  
        with insole    222 ± 54 238 ± 45 164 ± 73  
      Participants with Hallux ulcer without insole    238 ± 63 243 ± 54 192 ± 82  
        with insole    227 ± 70 218 ± 52 172 ± 65  
    Lavery, Vela , Lavery & 
Quebedeaux (1996) 
       395 382 191  
    Lavery, Vela , Lavery & 
Quebedeaux (1997) 
Participants with 1st MTH ulcer      387.6 ± 146.6 214.1 ± 57 166 ± 140.1  
      Participants with MTHs 2-5 ulcer      252.6 ± 88.4 375.07 ± 147.9 116.3 ± 107.3  
      Participants with Hallux ulcer      297.2 ± 99.6 301.8  76.3 187.2 ± 66  
 Dressing and post op shoe Fleischili et al. (1997)       271 ± 85   158 ± 97  
 Shoe SAS Comfort shoe Lavery, Vela, Fleischli, 
Armstrong & Lavery (1997) 
Participants with 1st MTH ulcer without insole    292 ± 129 246 ± 66 185 ± 92  
        with insole    274 ± 103 240 ± 76 178 ± 69  
      Participants with MTHs 2-5 ulcer without insole    216 ± 41 247 ± 53 161 ± 71  
        with insole    221 ± 46 233 ± 40 148 ± 71  
      Participants with Hallux ulcer without insole    218 ± 66 222 ± 54 198 ± 110  
        with insole    227 ± 78 201 ± 48 176 ± 90  
TCC: Total Contact Cast; RCW: Removable Cast Walker; MTH: metatarsal head; *estimated from Figure in article; **calculated from provided data in article 
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Supplementary Table 2: Continued 
Peak Pressure (kPa)     Sub group Foot region 
     Heel Midfoot Forefoot 1st MTH MTHs 2-5 Hallux Ulcer area 
 Canvas Oxford shoe Fleischili et al. (1997)       513**   233**  
    Lavery, Vela, Fleischli, Armstrong & 
Lavery (1997) 
Participants with 1st MTH ulcer      497 ± 169 396 ± 109 221 ± 137  
      Participants with MTHs 2-5 ulcer      385 ± 138 452 ± 118 205 ± 107  
      Participants with Hallux ulcer      252 ± 87 361 ± 114 211 ± 110  
    Lavery, Vela , Lavery & 
Quebedeaux (1996) 
       447 516 277  
    Lavery, Vela , Lavery & 
Quebedeaux (1997) 
Participants with 1st MTH ulcer      437.9    
      Participants with MTHs 2-5 ulcer       505.8   
      Participants with Hallux ulcer        271.4  
  Reebok canvas sneaker  Armstrong and Stacpoole-Shea 
(1999) 
    270*       
  New Balance cross 
trainer   
Lavery, Vela, Fleischli, Armstrong & 
Lavery (1997) 
Participants with 1st MTH ulcer without insole    324 ± 125 260 ± 65 180 ± 67  
        with insole    285 ± 105 234 ± 63 169 ± 68  
      Participants with MTHs 2-5 ulcer without insole    230 ± 4.9 265 ± 51 182 ± 84  
        with insole    208 ± 47 246 ± 49 179 ± 88  
      Participants with Hallux ulcer without insole    215 ± 5.4 245 ± 56 237 ± 109  
        with insole    203 ± 63 226 ± 47 204 ± 82  
TCC: Total Contact Cast; RCW: Removable Cast Walker; MTH: metatarsal head; *estimated from Figure in article; **calculated from provided data in article 
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The previous chapters highlighted some limitations to previous research methodologies, 
such as the inability to monitor compliance to treatment interventions and the activity levels 
of the participants. Another limitation of current clinical and research plantar pressure 
measurement is that it is typically measured for a short period during infrequent visits, 
providing only limited information on the types of pressures the person’s feet is experiencing 
on a daily basis. The following chapter (Chapter 7) presents a new plantar pressure 
measurement system which is capable of addressing these limitations as it allows for 
continuous plantar pressure measurement along with monitoring the activity of the 
participant and their compliance to an intervention. 
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Chapter 7: Repeatability of WalkinSense® in shoe pressure 
measurement system: A preliminary study 
 
Healy, A., Burgess-Walker, P., Naemi, R. and Chockalingam, N. (2012) 
The Foot, 22(1): 35-39. 
 
 
(Published work 9) 
 
 
 
This chapter is derived from an article published in The Foot in 2012, available online: 
http://dx.doi.org/10.1016/j.foot.2011.11.001 
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Chapter 8: Discussion 
 
Introduction 
 
This research has contributed to clinical practice through the provision of valuable 
information on the performance of footwear materials and has led to the development of 
recommendations for future research in the area of prescription footwear which have been 
published within the systematic reviews (Chapters 5 and 6). While this work focused on 
diabetic footwear its findings extend to other “at risk” populations, for example rheumatoid 
arthritis.  
Knowledge dissemination of this work is demonstrated through the contribution to 
various other research projects related to clinical footwear and gait analysis within the 
biomechanics research team at Staffordshire University which have resulted in peer 
reviewed publications (Published work 1-15), a chapter in a clinical footwear book 
(Published work 16), published conference papers (Published work 17-31), presentations 
at numerous conferences (Published work 32-59), and demonstrations provided at several 
workshops (Published work 60-63).  
 
Main findings and discussion 
 
Materials used in footwear insoles/orthoses 
 
Clinicians need an understanding of the properties and characteristics of materials used to 
manufacture orthoses to make informed decisions on the most appropriate material to meet 
their patients’ needs. The study in Chapter 2 examined literature to date which examined 
materials used in footwear orthoses. It was concluded from this study that research to date 
does not allow for a conclusive answer as to what are the most appropriate footwear 
orthosis materials for different patient requirements.  
This review highlighted that much of the research around insole materials was 
outdated; of the 31 studies identified only 6 of them (19% of the identified studies) were 
completed in the last 10 years. With the changes that have occurred in material science in 
this time many of the materials tested may no longer be in use or are now produced in a 
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different specification; for example Campbell et al. (1982) tested two different types of 
carpet material. As there are currently no standardised methods for testing insole materials 
the testing methodology and equipment used varied widely across studies making 
comparisons difficult and many researchers based their conclusions around the relative 
comparisons of the range of materials they tested. There is a need for absolute results in 
the form of quantitative assessment of material properties as opposed to focusing on 
relative comparisons.  
If standardised testing methods were available which resulted in an absolute result 
for the materials performance this would allow for cross study comparisons and would result 
in the generation of practical information to allow categorisation of materials for different 
treatment purposes. Furthermore, it is not adequately helpful to clinicians for researchers 
to simply recommend a material by name, e.g. Poron, some indication on the specifications 
of the material are needed as materials are generally available in a wide range of 
thicknesses and densities and these will affect the materials performance.  
As discussed in the literature review above some research groups have developed 
their own materials performance index to categorise materials based on their performance 
characteristics (e.g. accommodation, cushioning and control). However, at present none of 
these are without significant limitations; most notably their results are based on bench 
testing of materials. There was no examination of how the performance of the material in a 
bench testing relates to its performance within the shoe as an orthosis. Supporting work 
has been completed which shows that differences may exist between bench testing and in-
shoe testing (Published work 20). This work examined the effect of temperature on the 
rebound characteristics of materials commonly used in diabetic footwear. Results showed 
that the rebound behaviour of the material when tested at room temperature, which is the 
standard material testing procedure, were different to when the same material was tested 
at higher temperatures (37, 45 and 55°C), which the material experiences within a shoe 
environment. This finding has implications for developing material performance indexes and 
for the selection of materials for use in therapeutic footwear. 
As recognised through the review (Chapter 2) most of the identified studies were 
more than 10 years old and therefore information on the materials currently being utilised 
by clinicians was limited.  To address this a questionnaire was developed (see Appendix 2) 
to examine the prescription procedures involved in the provision of foot orthoses by 
orthotists and podiatrists with an emphasis on material choice. This questionnaire focused 
on materials the clinicians’ chose to use when treating patients with diabetes. Foot problems 
such as ulcerations and amputations are common and serious complications seen in people 
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with diabetics and custom footwear and orthoses are interventions used by clinicians to 
reduce the risk of ulceration. There were four elements to this questionnaire; the clinicians’ 
profile, the type of devices they routinely prescribed, the material choices for these devices 
and the factors which affected their choice and finally whether the materials used were 
considered the most suitable for their purpose with a focus on diabetes.  
In November 2009, 29 questionnaires were distributed to clinical practitioners with 
14 questionnaires completed and returned for analysis. The questionnaires were distributed 
to clinicians who were known to have experience of using both traditional and CAD/CAM 
manufacturing and would therefore have access to a wide range of materials. Closed 
questions were utilised to gather information on clinical practice and material selection while 
minimising the effort and time on part of the respondent. A limited number of open ended 
questions were also included to gain insight into the opinions and attitudes of the 
respondents.  
This study highlighted the diversity in opinion among clinicians with regards to the 
available materials. The clinicians’ views were divided on whether they believed the 
materials available to them were fit for purpose and also across the range of materials they 
chose to use. When asked about using guidelines for prescribing orthoses the response 
was divided; half the respondents said they didn’t use any with the ones who used 
guidelines stating that they used their own. The respondent’s comments on their use of 
guidelines are provided below: 
“After in excess of 35 years in practice I utilise aspects from all the training courses I have 
attended from various manufacturers and incorporated them into my own clinical 
experience.” 
 
“All prescriptions are based on clinical grounds, as I'm legally responsible for the 
prescription. Follow research/clinical guidelines I see as appropriate.” 
 
“I use my own past experience.” 
 
“Cost is a major factor e.g. we tend to use a polyprop sheet with no top cover and place it 
under the liner of the existing shoe, we reserve top covers for at risk clients only. We use 
chairside devices 90% of the time.” 
 
“I rely entirely on past experience, training and discussing with other orthotist/technicans. 
Although guidelines would be helpful, are there too many exceptions to rule as every 
patient is unique. Neuropathy, ischaemia, necrosis, ulceration, activity, life style, arthritis, 
mental health status, and all the combinations of these.” 
 
“Developed guidelines for use in football and rugby union.” 
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“I utilise my own guidelines to allow me to provide consistently good results to patients 
with occasional design compromises to limit lifestyle effect for clients unless its not 
achievable.” 
 
“I use all my years of experience in prescribing orthoses. Each and every patient must be 
assessed individually then a decision is made as to which orthotic is prescribed.” 
 
These comments show the diverse opinion among even this small group of respondent 
clinicians about guidelines. Some have developed their own while others didn’t think the 
use of guidelines was suitable. In terms of research there is a need to examine the 
development of guidelines and assess their usefulness and practical application to clinical 
practice. This issue will be discussed further in the section on diabetic footwear below.  
 The clinicians were then asked about the material choices for the devices (rigid, 
semi rigid and accommodative) they prescribe to patients with diabetes. Conflicting opinions 
with regards to the selection of materials for different functions i.e. accommodative, semi 
rigid and rigid devices were evident among the respondents (see Figure 1 and comments 
below). 
 
Figure 1: Materials used based on type of orthosis 
 
Rigid foot orthoses 
 
“Generally use a mixture of materials.” 
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“I tend to provide dual density FFOs/TCIs. Rear in medium density, forefoot in low density 
(soft - Lunasoft). Very dependant on patient’s weight, gait and degree of control required.” 
 
“Inexpensive, long lasting, strong (polypropylene).” 
 
“Usually as base layer (high density EVA), rarely I use shock absorption for diabetics. 
Comfortable to wear, flexible at late stance, easily adaptable/molded to footwear.” 
 
“Price/quality of finish/well tolerated (low density EVA and polypropylene).” 
 
 
Semi rigid foot orthoses 
 
“All very dependant on patient's weight, gait, stance etc. Very difficult to generalise. Once 
again dual density approach is used.” 
 
“I use material combinations to offer support and cushioning to the diabetic foot, usually 
incorporating sinks and pillows, and adaptation of footwear.” 
 
“Easy to adjust, good compliance, easy to produce (high density EVA).” 
 
“As base layer (medium density EVA).” 
 
 
 
Accommodative foot orthoses 
 
“Easy to adjust, good compliance, easy to produce (medium density EVA). Poron as top 
cover only.” 
 
“EVA medium and low density and polyurethane medium density as base layers; EVA low 
density also as top cover and Poron as top cover.” 
 
“I rarely treat diabetics but if I do they tend to have total contact EVA type devices.” 
 
While materials such as Poron, Cleron, Elastomer gels and PPT were selected solely for 
use in accommodative devices and polypropylene for rigid devices the remaining materials 
were selected by different respondents for use in all three types of devices. While there are 
numerous materials which can be used by clinicians to achieve the same treatment 
outcome, it was an unexpected result from the questionnaire to see some clinicians select 
a material for use in accommodative devices and others select the same material for use in 
a rigid device. This finding further supports the need for research into material performance 
which would lead into guidelines for clinicians. However, there was a limitation to the 
structure of the question that may have affected the results. Within the section for each type 
of device (rigid, semi rigid and accommodative) there was no space to differentiate between 
materials used a base material and those as top covers. Therefore some clinicians may 
have selected a material usually used in accommodative devices in the rigid device section 
as they may use it as a top cover for the rigid device.  
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The following question asked if the clinicians felt that material choice had changed 
significantly in the last 5 years. Again there was division in the respondents with five 
selecting yes and eight selecting no. The comments made by the clinicians are supplied 
below: 
Comments from people who said yes: 
 
“Less cushioning and more functional/corrective” 
 
“Polyurethane has become an option” 
 
“I always look at function but if I can get a device that can provide function and comfort 
that helps so polyurethane for example” 
 
“There has been numerous new materials introduced over the years each providing more 
comfort and pressure relieving qualities” 
 
“More density and better quality” 
 
Comments from people who said no: 
 
“While saying this it is very important to keep abreast of new developments” 
 
“Top covers have changed not base materials” 
 
“Slight changes: different medical grade Porons, increase use of stock insoles” 
 
“Tried and tested methods” 
 
Results were varied as some clinicians may be happy with the materials they use and are 
therefore not interested in changing, while others may be more open to exploring new and 
different treatment options. For many clinicians time and funding resources are limited and 
therefore their materials choice may be restricted. Another restriction that may be placed 
on clinicians is that within their clinic they are contracted to work with certain material 
providers which again may limit their choices; this is more evident in NHS clinics than private 
practice. While the results of the questionnaire provided valuable information on clinical 
practice which supported methodology development for future studies this study was limited 
by the low number of respondents (only 14 of the 29 questionnaires were returned). 
The findings from the literature review and questionnaire study (Chapters 2 and 3) 
informed the methodology for the subsequent laboratory based study (Chapter 4). As 
evidenced from the review article (Chapter 2) there are limited studies which have examined 
the performance of insole materials during walking, with previous studies utilising bench 
testing and simulated in-shoe testing methods. Therefore, it was decided that it would be 
beneficial to conduct in-shoe lab testing of orthosis materials to gain objective information 
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on their performance as an orthosis. As polyurethane (PU) and ethyl vinyl acetate (EVA) 
were two of the most used materials among the questionnaire respondents (Chapter 3), 
and had received limited testing within the studies identified in the review (Chapter 2), they 
were selected for testing in the laboratory study.  
The objective of this study was to gain a greater understanding of the characteristics 
of orthosis materials and how they affect gait so to enhance the clinical decision-making 
process. Two materials (PU and EVA of two different densities) were tested in the 
laboratory; assessing the effect of the materials on both plantar pressures and kinematics. 
The selected materials are used extensively by clinicians, based on the findings of the 
questionnaire study (Chapter 3).  
Findings from this study provide information for a clinician to draw an evidence-
based orthosis prescription based on material properties. While some clinicians provided 
anecdotal evidence for the suitability of PU as an orthotic material in the questionnaire study 
(Chapter 3) results from this lab based testing provide quantitative results to support its use. 
Findings from this study support the view that it is not appropriate for researchers to simply 
recommend a material by name; this is evidenced from the difference in the off-loading 
capabilities of the PU and EVA materials in their low and medium density compositions. 
This finding is extremely important information for clinicians as they need to be aware of the 
effect of different densities of the same material on its offloading capabilities when selecting 
a material for an orthotic treatment intervention. 
Limitations of this study include that the participants did not have diabetes and that 
the sample size was small. This was a preliminary study and currently through the 
DiaBSmart project the PU material is being tested on a larger sample of patients with 
diabetes who are considered at risk of foot ulceration to examine its effectiveness on 
pressure reduction. 
 
Diabetic footwear for the prevention and treatment of ulceration 
 
Progressing from examining materials used in orthoses the effect of off-loading 
interventions, namely diabetic footwear, on the prevention and treatment of ulceration were 
assessed. While there are a number of reviews available in the literature which have 
examined off-loading interventions these generally included a limited discussion of diabetic 
footwear which is why it was considered necessary to complete these two reviews (Chapter 
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5 and 6). Off-loading interventions are used within clinical practice in an effort to reduce 
ulcerations however the effectiveness of these interventions is unclear. 
The aim of the first systematic review (Chapter 5) was to examine the effectiveness 
of footwear as an intervention for prevention of diabetic foot ulcers. Given the seriousness 
of diabetic foot complications and the prevalence of ulcerations and amputations it was 
surprising that no previous research has examined the prevention of first ulceration; instead 
research has focused on preventing reulceration. There was a large diversity in the styles 
of footwear in the eligible studies which ranged from running shoes and off the shelf 
therapeutic footwear to custom made therapeutic footwear.  It was concluded that while 
there was support for the use of rocker sole footwear and custom orthoses generic 
recommendations on these features are not possible as the optimal design will be patient 
specific. In this review article limitations of the eligible reviewed articles were discussed and 
recommendations for future research were provided.  
The subsequent review (Chapter 6) examined the effectiveness of footwear and 
other removable off-loading devices in the treatment of foot ulcers. While there is a lack of 
randomised controlled studies in the area it appeared that currently available therapeutic 
footwear were the least effective removable intervention for ulcer treatment behind 
removable cast walkers (RCWs) and half or heel relief footwear.  
Both these reviews identified that there is a limited amount of good quality research 
in the area of diabetic footwear. While randomised control trials (RCTs) are considered the 
gold standard design for a clinical trial the use of this methodology in the eligible studies 
was low in both review articles. In the prevention review (Chapter 5) only 1 of the studies 
was a RCT and in the treatment review (Chapter 6) 9 of the 17 studies (just over 50%) were 
RCTs. There is also a lack of longitudinal studies which have examined the effectiveness 
of footwear in ulcer prevention with 8 of the 12 identified studies using a cross sectional 
repeated measures design.  
 The comments provided by the respondents in the questionnaire study (Chapter 3) 
about their use of guidelines questioned the suitability and usability of the currently available 
clinical guidelines. Different organisations and researchers have developed guidelines 
which aim to provide information to clinicians for the prevention of diabetic foot ulcers. 
Examples of the information provided in these guidelines are provided below: 
 “There are five key elements which underpin foot management: 
 
1. Regular inspection and examination of the foot at risk. 
2. Identification of the foot at risk. 
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3. Education of patient, family, and healthcare providers. 
4. Appropriate footwear. 
5. Treatment of non-ulcerative pathology.”  
 
“If the fit is too tight because of deformities or if there are signs of abnormal loading of the 
foot (e.g. hyperaemia, callus, ulceration), patients should be referred for special footwear 
(advice and/or construction), including insoles and orthoses” (Bakker et al., 2012) 
 
“To achieve maximal reduction of peak plantar pressures in footwear prescription, custom-
moulded insoles should be incorporated in the therapeutic footwear as long as sufficient 
space exists.” (Bus et al., 2008) 
 
While it is a positive step forward in ulcer prevention that guidelines now highlight 
the importance of appropriately fitting footwear these guidelines are too general; not all 
insoles/orthoses and therapeutic footwear will be effective in off-loading. This is evidenced 
in the lab based study of insole materials in Chapter 4 which showed differences in pressure 
reduction for different materials, and in the supporting work which examined the effect of 
different diabetic footwear on plantar pressures (Published work 19). This supporting work 
compared the design features and plantar pressures between four types of diabetic 
footwear and the participant’s own footwear which was an Oxford style brogue shoe. 
Results showed that all four pairs of diabetic footwear resulted in reduced peak plantar 
pressures when compared to the participant’s own footwear, with reductions as large as 
50% in some areas. However, there were large variations in pressure reduction between 
the different diabetic footwear, highlighting the importance of accessing a footwear’s 
offloading ability prior to prescribing then to “at risk” patients. For these guidelines, it is likely 
that it is their lack of specificity that contributes to the low acceptance of them by clinicians.  
More specific guidelines on the types of therapeutic footwear and the materials used in the 
insoles/orthoses are needed for clinicians.  
In terms of ulcer treatment, guidelines have also been developed for clinicians by 
various groups, for example the International Working Group on the Diabetic Foot (Bakker 
et al., 2012). This guideline like many others promotes the use of total contact casts as the 
gold standard in ulcer treatment, however recently researchers have surveyed treatment 
interventions used in clinical practice and found that TCCs are not the most commonly used 
treatment intervention. Studies from both America and Europe which examined clinical 
practice found a minority of patients are treated using a TCC; Wu et al. (2008) reported that 
41% of the clinics they assessed attempted to offload with shoes and less than 2% used 
TCCs, Fife et al. (2010) found only 6% of patients received a TCC and Prompers et al. 
(2008) found that on average 35% (range 0-68%) of patients received a TCC. A recent 
study from Australia which surveyed practitioners found that while the majority of 
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respondents considered TCCs the gold standard for offloading hallux and forefoot ulcers 
they ranked third for the most used modalities behind felt padding and removable cast 
walkers (Raspovic & Landorf, 2014). 
While TCC’s are considered the gold standard for offloading an active ulcer there 
are some disadvantages to their use which often lead to the use of other off-loading 
modalities. Training and experience are required for correct application of TCCs and many 
centres may not have someone with this training, they can cause skin irritation and further 
ulceration, they do not allow daily assessment and cleaning of the wound, they may disturb 
sleeping and the patient’s ability to work, they make bathing difficult, they may exacerbate 
postural instability and they are contraindicated for wounds with soft-tissue infections and 
osteomyelitis (Armstrong et al., 2004). For these reasons it is important that there are 
suitable alternative treatment interventions available to clinicians.  
Measurement of plantar pressure is a valuable resource to clinicians when 
assessing patients with diabetes where high plantar pressure has been shown to be a major 
risk factor for the development of ulcers. In clinical settings plantar pressure is usually 
monitored by clinicians during infrequent visits in a clinical environment that can only 
provide a brief window into the loading of that foot over the course of a day. This information 
is then used to prescribe shoes/orthoses to address the issues relating to abnormal plantar 
pressures which contribute to ulceration. The availability of a plantar pressure measuring 
device that could continually monitor the patient’s plantar pressures would be a beneficial 
tool for clinicians. WalkinSense® is such a system and as it is a new system it was necessary 
to test the measurements provided by this system. A study was completed (Chapter 7) 
which compared WalkinSense® to the Tekscan F-Scan system which is known to be reliable 
for clinical measurement. Results showed that WalkinSense® was as repeatable as the F-
Scan. This study provides clinicians and researchers with confidence in the systems 
repeatability and support for its use in clinical practice and research. Also as identified in 
the systematic review articles (Chapter 5 and 6) the ability of researchers to monitor a 
participant’s compliance to a treatment intervention is a limitation of research to date. The 
use of systems like WalkinSense® could be utilised in future studies to monitor patient 
compliance, plantar pressures and to quantify daily ambulation.  
In addition to the published work included in the main body of the text (Chapters 2-
7) additional relevant publications within the area of therapeutic footwear and diabetes have 
also been completed. Supporting work has shown that patients with diabetes and who are 
at risk of ulceration are found to have a significant reduction in ankle muscle strength with 
a decrease in muscle force during dorsi and plantar flexion (Published work 1). This finding 
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has implications for treatment interventions as clinicians should look at the possibility of 
utilising exercise programs to maintain ankle strength in this population. It also has 
implications in footwear design; many of the available diabetic footwear are heavier than 
standard footwear and if these patients has reduced ankle strength then the extra weight of 
the diabetic footwear may make walking more difficult for the patient. This should be taken 
into consideration when manufacturers are selecting the materials within the outsole of the 
footwear. Research also shows that patients with diabetes and neuropathy have impaired 
postural stability which may put them at a higher risk of falling (Boucher et al., 1995). 
Published work 2 assessed the effect of diabetic footwear on postural stability, concluding 
that the rocker outsole shoe tested did not negatively affect postural stability in patients with 
diabetic neuropathy. Supplementary research has utilised plantar pressure measurement 
to examine the effect of foot type on plantar pressures (Published work 17) and to access 
the effect a novel diabetic shoe design on peak plantar pressures (Published work 29). 
The use of different methodologies within this body of work, with both qualitative and 
quantitative methodologies used, provides valuable information to the field of orthoses and 
prescription footwear research. This research has assessed the significance of previous 
research (Chapter 2, 5 and 6), gained insight into current clinical practice (Chapter 3) and 
utilised laboratory testing to examine the material properties of orthosis materials widely 
used in clinical practice (Chapter 4) and newly developed pressure measurement 
equipment (Chapter 7). The findings of this work extend the knowledge in the area of 
footwear science and clinical biomechanics.  
The completion of review articles (Chapter 2, 5 and 6) which examined research to 
date in the area of orthoses and prescription footwear allowed the identification of gaps in 
the literature and address limitations of previous research. The information gained from 
these reviews facilitated the design of the subsequent studies within this research profile, 
ensuring the chosen methodologies were appropriate to answering the research questions. 
As identified in the materials review (Chapter 2) most of the previous research in the area 
of material testing was outdated and it was therefore necessary to gain an up to date insight 
of current clinical practices on which to base the laboratory testing which is why a 
questionnaire was developed to gain information from practicing clinicians (Chapter 3). 
Results from this questionnaire allowed the identification of the most popular materials used 
in clinical practice and this along with the information gained from the materials review on 
testing methodologies (Chapter 2) were used to design a quantitative assessment of 
material performance when used as an insole/orthotic while walking (Chapter 4). 
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While some researchers have examined various aspects of prescription footwear such as 
insoles, materials and design, these have been examined independently. The work within 
this thesis examined the combined contribution of these factors which bridges a gap in 
prescription footwear research. Work in this area continues and in the near future research 
will be published from the clinical trial of insole materials conducted as part of the DiaBSmart 
project. 
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Clinical implications, and recommendations for future research 
 
Given that there are no standardised testing methods for assessing materials used in 
orthoses and that much of the research examining materials is outdated there is a need for 
high quality research in this area. While some materials performance indexes have been 
proposed in the literature they have limitations and future research should address these 
limitations. I have been involved in the preparation of a research proposal for the 
development of a materials performance index which intends to examine the relationship 
between mechanical testing of materials and testing completed on the insoles/orthoses 
during gait with an aim of establishing an easy to use index to assist clinicians in material 
selection; and are currently looking for a funding body to support this research. 
Findings from the testing completed on the two materials (EVA and PU) in Chapter 
4 provide evidence to clinicians on the suitability of PU as an insole and orthotic materials, 
where previously no evidence existed in the literature. In the flat insoles medium density PU 
was superior to the other materials for pressure off-loading and when constructed into an 
orthotic PU provided similar off-loading capabilities as the EVA materials. Future research 
should focus on examining the durability of PU and other orthotic materials as longitudinal 
studies on material performance are limited. 
Significant changes in the orthotics industry are anticipated in the near future due to 
advances in both material science and technology. While traditionally orthoses were hand 
crafted recent advances initiated the use of CAD/CAM manufacturing and more recently 
additive manufacturing/3D printing has started to be utilised in orthoses production. The use 
of additive manufacturing will result in the use of different materials in the production of the 
orthoses and the materials properties of these materials will need to be examined. 
Additionally, while up until now clinicians have had to select materials for orthoses from 
what is available in the market, recently it is being proposed to develop materials whose 
properties are optimised to treat individual patients. This is currently being examined 
through the DiaBSmart project and by other research groups (Luo et al., 2011). 
For both systematic reviews (Chapter 5 and 6) a quality assessment form was 
utilised to examine the quality of the eligible studies with many similar limitations found 
across both reviews. A major oversight in the majority of the identified studies in both 
reviews was the limited information presented on the participants’ characteristics. As certain 
factors has been identified as risk factors for ulceration i.e. duration of diabetes, presence 
of neuropathy/peripheral vascular disease and history of ulceration/amputation it is 
important for studies to provide this information for their participants. Limited descriptions 
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of the footwear/off-loading interventions were also evident with some studies only providing 
the brand name and model of the footwear intervention. This information is essential to 
allow research findings to be translated into recommendations for clinical practice and the 
importance of the inclusion of this information should not be overlooked in future studies. 
Findings from the prevention review (Chapter 5) highlighted that no research to date 
has examined the use of footwear in the prevention of first ulceration; with all previous 
research examining the use of footwear in preventing reulceration. Also, there is a lack of 
longitudinal studies of footwear interventions which the vast majority of research using a 
cross sectional study design. Through the clinical trial within the ongoing DiaBSmart project 
both these limitations are being addressed with the effect of a footwear intervention on the 
plantar pressures of patients at risk of ulceration but with no previous history of ulceration 
being examined over a period of one year. 
As seen in the findings from recent research the use of TCCs in clinical practice is 
low and therefore work is needed in the area to maximise their use where applicable through 
adequate training for clinicians in TCC application. For those patients where TCC 
application is contraindicated and in patients not willing to consent to using a TCC, due to 
its negative impact on their lifestyle, there is a need for large scale clinical trials to determine 
the best alternative off-loading modality and for this information to be provided in guidelines 
for ulcer treatment. This research is needed as it was found from the systematic review that 
research in this area is limited (Chapter 6). Guidelines should not replace the importance of 
a clinicians experience in treating each patient as an individual but they should provide 
evidence based information to assist clinicians in the development of their treatment plans.  
While it was concluded that footwear was the least effective intervention for the 
treatment of ulceration in the systematic review (Chapter 6), there are situations where the 
gold standard total contact cast is contraindicated or not accepted by patients as discussed 
above, and in these circumstances a footwear intervention may need to be prescribed. It is 
for this reason that future research should further examine the effectiveness of therapeutic 
footwear in ulcer treatment and aim to examine ways of optimising footwear to increase its 
effectiveness in ulcer treatment. From the limited available research available on removable 
off-loading devices the DH pressure relief walker (Royce Medical, Camarillo, CA, USA) 
appears to be the most effective RCW for pressure off-loading and could be considered by 
clinicians as a treatment option where the application of a TCC is contraindicated or not 
accepted by a patient. 
The use of plantar pressure measurement systems in research allows for the 
quantification of the off-loading ability of interventions but results from these systems can 
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be greatly affected by factors should as walking speed and step protocols. It is advised that 
future research make use of standardised and well described plantar pressure 
measurement protocols. Previous research in this area by our research team (Published 
work 12) and others (Arts & Bus, 2011; Bus & de Lange, 2005) supplies researchers with 
evidenced based recommendations for plantar pressure measurement in patients. 
Additionally, clinicians should be aware of these plantar pressure measurement protocols 
and utilise them, where applicable, in their clinical practice. Utilising these protocols will 
ensure the results of the pressure measurements they utilise to inform their clinical practice 
will be both reliable and repeatable. The publication on the WalkinSense® pressure 
measurement system supports its use in clinical practice and research; it would be a useful 
measurement modality in future longitudinal research as it allows for monitoring of plantar 
pressures, footwear compliance and participant activity levels.  
 
Summary  
 
Clinical implications 
 
 Initial evidence for the suitability of PU in offloading orthoses. 
 Some evidence for the use of DH pressure relief walker for ulcer treatment when 
TCC contraindicated or not accepted by a patient. 
 Importance of using standardised protocols for plantar pressure measurement to 
ensure the validity and repeatability of results. 
 
Recommendations for future research 
 
 Development of material performance index is needed to aid clinicians in choosing 
materials for orthoses. 
 Future research should focus on examining the durability of PU and other orthotic 
materials as longitudinal studies on material performance are limited. 
 Future research should provide more detailed information on the characteristics of 
their participants and detailed descriptions of the footwear/off-loading/orthoses 
interventions. 
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 In relation to diabetic footwear research should focus on examining the effectiveness 
of footwear in preventing first ulceration and utilise a longitudinal as opposed to 
cross sectional study design. 
 Research is needed to identify the best alternative off-loading modality for ulcer 
treatment when the use of a TCC is contraindicated or not accepted by a patient. 
 More specific guidelines regarding appropriate footwear and orthoses for people 
with diabetes is needed to aid clinicians in developing treatment interventions. 
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Impact of work 
 
Dissemination 
 
To facilitate wide reaching impact this work was disseminated in a range of both scientific 
and clinical forums. The published work (Chapters 2-7) are all published in different journals 
with readership in both the scientific and clinical communities; Footwear Science, Podiatry 
Now, The Foot, Prosthetics and Orthotics International, Current Diabetes Reviews and 
Journal of Diabetes and its Complications.  
Presentations of this work were made to the scientific community at the Footwear 
Biomechanics Symposiums in 2011 and 2013 (Published work 37 and 54). Additionally, this 
work was presented at a number of clinical conferences: Clinical Applications of Foot 
Pressure Measurement User Group Meeting, 2011 (Published work 55); Diabetes UK 
Professional Conference in 2013 and 2014 (Published work 33 and 40); Diabetes Foot 
Study Group, 2013 (Published work 38); and Staffordshire Conference on Clinical 
Biomechanics in 2010, 2011, 2013 and 2014 (Published work 32, 36, 54 and 57).  
Dissemination was also conducted through the provision of workshops in plantar 
pressure and biomechanics for clinicians at two conferences: the 11th Annual Meeting of 
Diabetic Foot Society of India, 2012 (Published work 62) and the International Advanced 
Diabetes Workshop for Physicians, 2012 (Published work 63). 
 
Known citations of published work 
 
The following section provides information on research articles and theses which have cited 
the published work (Chapters 2-7) contained within this thesis. Further information on the 
research articles and theses are provided in Appendix 3. 
 
Chapter 2: Materials used for Footwear Orthoses: A Review.  
This research was published in Footwear Science, an international peer reviewed journal, 
and it has received considerable interest having been viewed on the journals homepage 
122 times (as of 3rd February 2015). It has been cited in recent articles in Footwear Science 
and the Journal of Rehabilitation Research and Development. The paper has also recently 
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been cited in a PhD thesis on the design of diabetic footwear from the University of Salford, 
UK. 
 
Chapter 3: An investigation into the prescription procedures and material choice involved 
in the provision of bespoke foot orthoses for diabetic patients 
The study was published in Podiatry Now, which is issued by The Society of Chiropodists 
& Podiatrists, UK and has a wide readership of clinicians in the UK. 
 
Chapter 4: Effect of insole material on lower limb kinematics and plantar pressures during 
treadmill walking 
This article was published in Prosthetics and Orthotics International (Impact factor 1.073 
(2013)). It has been cited three times in recent publications in international peer reviewed 
journals; with one article in Gait & Posture (Impact factor 2.299; 5-year impact factor 2.985 
(2013)) and two articles in Prosthetics and Orthotics International.  
 
Chapter 5: The effectiveness of footwear as an intervention to prevent or to reduce 
biomechanical risk factors for ulceration: a systematic review 
This article was published in the Journal of Diabetes and its Complications which has an 
impact factor of 1.925 (2013), 5-year impact factor of 2.060 (2013) and is a highly regarded 
journal in the field of diabetes. While this article was only published in 2013 it has had 
considerable interest and has already received six citations. Four citations are in 
international journals: The International Journal of Lower Extremity Wounds (Impact factor 
1.194 (2013)), ROBOMECH Journal, Journal of Clinical & Translational Endocrinology and 
Journal of Diabetes Research (Impact factor 3.536 (2013)). The remaining two citations are 
within PhD theses from University of Amsterdam, Netherlands and University of Salford, 
UK. 
 
Chapter 6: The effectiveness of footwear and other removable off-loading devices in the 
treatment of diabetic foot ulcers: a systematic review 
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This study was published in Current Diabetes Reviews and is currently listed on the journal’s 
homepage as one of their most accessed articles (as of 3rd February 2014). 
 
Chapter 7: Repeatability of WalkinSense® in shoe pressure measurement system: A 
preliminary study 
This article was published in The Foot and it has so far been cited four times by other 
researchers in peer reviewed journals; with two articles in the journal Sensors (Impact factor 
2.048 (2013); 5-year impact factor 2.457 (2013)), one in BioMEd Research International 
(Impact factor 2.706 (2013); 5-year impact factor 2.69 (2013)) and one in Diabetes 
Research and Clinical Practice (Impact factor 2.536 (2013); 5-year impact factor 2.853 
(2013)). 
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Appendix 2: Questionnaire – Chapter 3 - An investigation into the 
prescription procedures and material choice involved in the provision of 
bespoke foot orthoses for diabetic patients 
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An investigation into the prescription procedures and material 
choice involved in the provision of bespoke foot orthoses for 
diabetic patients 
 
This questionnaire is being sent to orthotists and podiatrists involved in the 
prescription of bespoke foot orthoses. The aim is to identify current clinical practice 
in the prescription and material choice of bespoke foot orthoses for patients with 
diabetes 
 
Please read the questionnaire fully before answering the questions. 
 
PROFESSIONAL BACKGROUND 
 
1) What environment do you work in? 
 
 
     Community 
     Hospital/Acute 
     Own clinic 
     Part of private hospital/clinic 
 
 
2) How many bespoke orthoses do you prescribe per month? 
 
 
     0-5 
 6-10 
 11+ 
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ABOUT YOUR PRACTICE 
 
3) What percentage of your case load are 
 
 
 
Diabetics 
 0-20% 
 21-40% 
 41-60% 
 61-80% 
 81-100% 
 
 
Rheumatoid 
 0-20% 
 21-40% 
 41-60% 
 61-80% 
 81-100% 
 
 
Children 
 0-20% 
 21-40% 
 41-60% 
 61-80% 
 81-100% 
 
 
Sport/MSk 
 0-20% 
 21-40% 
 41-60% 
 61-80% 
 81-100% 
 
 
 
4) What percentage of your entire case load are 
 
 
 
High Risk 
 0-20% 
 21-40% 
 41-60% 
 61-80% 
 81-100% 
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CASTING TECHNIQUE 
 
5) What casting technique do you predominantly use?  
 
 Foam box technique 
 
 Suspension plaster casting technique 
 
 Other (specify) __________________________ 
 
 
6) Does your casting technique vary with the type of patient? 
 
 Yes 
  
 No 
 
 
If yes, please provide comments on why? 
 
_______________________________________________________________________ 
_______________________________________________________________________ 
_______________________________________________________________________ 
_______________________________________________________________________ 
_______________________________________________________________________ 
 
7) Please rate the importance of the following factors when choosing your casting 
technique.  
 
 Very important Quiet important Not very important Not at all important 
Time     
Cost     
Resources 
(availability of 
materials, 
equipment, etc.) 
    
Training     
Receptivity of 
patients 
    
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PRESCRIPTION PROCESS 
 
8) Do you follow a specific set of guidelines when prescribing orthoses? 
 
 Yes 
 
 No 
 
If yes, which one? 
 
 Commissioners 
 
    Your own 
 
    Employer/Manager 
 
 Laboratory 
 
 Other (specify) _____________________________ 
 
 
Please feel free to comment on the above 
 
_______________________________________________________________________ 
_______________________________________________________________________ 
_______________________________________________________________________ 
_______________________________________________________________________ 
_______________________________________________________________________ 
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9) Which of the following are available to you to help in the biomechanical assessment 
process? 
 
Kinematic If available to you please rate how 
often you use it 
Never Rarely Regularly Always 
Video  with digitising 
 without digitising 
 
 
 
 
 
 
 
 
Opto-electronic systems (motion analysis)      
Electro-magnetic systems      
Accelerometer based systems        
Goniometers/Isokinetic       
 
Kinetic 
 
If available to you please rate how often you 
use it 
Never Rarely Regularly Always 
Force platforms       
Pressure       
  
 mat  
 in-shoe 
 
 
 
 
 
 
 
 
 
 If available to you please rate how often you 
use it 
Never Rarely Regularly Always 
Electromyography (EMG)       
 
Standard clinic observation only  
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10) Please rate the importance of the following factors when choosing to use/not use 
the equipment you have selected as being available to you in question 9. 
  
 Very important Quiet important Not very important Not at all important 
Time     
Training     
Receptivity of 
patients 
    
 
 
ORTHOSES 
11) Which of the following types of orthoses do you find yourself predominantly 
prescribing for your patients with diabetes? 
 
 Accommodative (pressure relieving, total contact insole) 
 
 Functional 
  
 I prescribe equal amounts of both accommodative and functional orthoses 
 
12) How frequently do you prescribe the following orthoses to your patients with 
diabetes? 
 
  
 
 
Which of the following materials do 
you predominantly choose when 
prescribing these orthoses? 
 
 
Please provide detail on your 
reason/s for choosing this 
material. 
 
Rigid 
foot 
orthoses 
 
 0-20% 
 
 21-40% 
 
 41-60% 
 
 61-80% 
 
 81-100% 
 
 
EVA (Ethylene Vinyl Acetate) 
         High density 
         Medium density 
         Low density 
Polyurethane 
         Medium density 
         Low density 
Plastazote 
         High density 
         Medium density 
         Low density 
 Polypropylene 
 Polyethylene 
 Carbon fibre 
 Other (specify)______________ 
 
____________________________ 
 
 
 
Please note question 12 is continued overleaf 
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12) Continued... 
 
  
 
 
Which of the following materials 
do you predominantly choose 
when prescribing these 
orthoses? 
 
 
Please provide detail on your 
reason/s for choosing this 
material. 
 
Semi rigid foot 
orthoses 
 
 0-20% 
 
 21-40% 
 
 41-60% 
 
 61-80% 
 
 81-100% 
 
 
EVA (Ethylene Vinyl Acetate) 
         High density 
         Medium density 
         Low density 
Polyurethane 
         Medium density 
         Low density 
Plastazote 
         High density 
         Medium density 
         Low density 
 Polypropylene 
 Polyethylene 
 Carbon fibre 
 Other 
(specify)______________ 
 
__________________________ 
 
 
 
Accommodative  
foot orthoses 
 
 0-20% 
 
 21-40% 
 
 41-60% 
 
 61-80% 
 
 81-100% 
 
 
EVA (Ethylene Vinyl Acetate) 
         High density 
         Medium density 
         Low density 
Polyurethane 
         Medium density 
         Low density 
 Polypropylene 
 Poron 
Plastazote 
         High density 
         Medium density 
         Low density 
 Cleron 
 Elastomer gels e.g. Maxacane 
 PPT 
 Other 
(specify)______________ 
 
__________________________ 
 
 
 
Please note question 12 is continued overleaf 
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12) Continued... 
 
 
Diabetic shoes 
 
 0-20% 
 
 21-40% 
 
 41-60% 
 
 61-80% 
 
 81-100% 
 
 
 
 
13) Please rate the importance of the following factors when choosing a material for a 
bespoke foot orthoses for a patient with diabetes.  
 
 
 Very important Quiet important Not very important Not at all important 
Cost     
Comfort     
Manufacturing 
time 
    
Perceived patient 
compliance 
    
Previous patient 
feedback 
    
Life expectancy of 
the device 
    
Patient’s lifestyle     
Patient’s current 
footwear  
    
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14) In the last 5 years has the material you choose for the manufacture of foot orthoses 
for a patient with diabetes changed significantly? 
 
 Yes 
 
 No 
 
If yes, please provide details on why?  
 
_______________________________________________________________________ 
_______________________________________________________________________ 
_______________________________________________________________________ 
_______________________________________________________________________ 
_______________________________________________________________________ 
 
 
15) Do you feel that the range of materials available for bespoke orthoses for patients 
with diabetes are appropriate? 
 
 Yes 
  
 No 
 
If no, please provide comments on why?  
 
_______________________________________________________________________ 
_______________________________________________________________________ 
_______________________________________________________________________ 
_______________________________________________________________________ 
_______________________________________________________________________ 
 
 
 
 
Thank you for taking the time to fill out this questionnaire 
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